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EMPIRICAL ARTICLE
Self-regulation in Preschool Children: Factor Structure of 
Different Measures of Effortful Control and Executive Functions
Sonja Kälina and Claudia M. Roebersa
aDepartment of Psychology, University of Bern, Bern, Switzerland
ABSTRACT
Temperamental effortful control (EC) and executive functions (EF) are 
two frameworks for studying self-regulation in children. Despite stem-
ming from different research traditions, they show many conceptual 
and theoretical similarities and their corresponding tasks are often 
used interchangeably. However, little is known about how and 
whether the two constructs can be distinguished empirically. The 
present study aimed to contribute to the investigation of this issue. 
A sample of 230 preschool children aged 4–6 years were tested with 
two common behavioral EC tasks and an EC questionnaire. 
Furthermore, the assessment included common measures of the 
three subcomponents of EF, namely inhibition, working memory, 
and shifting. Data were analyzed using correlational and confirmatory 
factor analyses. In accordance with our hypotheses, we found signifi-
cant positive correlations between most EC and EF measures, and 
a single factor model, in which all EC and EF tasks loaded significantly 
on the underlying factor, was supported by our results. Moreover, this 
latent construct generalized across gender and age. These findings 
show that the variety of common EC and EF tasks used in this study all 
seem to tap similar aspects of self-regulation and therefore support an 
integrated model of self-regulation encompassing EC and EF. Our 
results are further considered to be informative for future research 
using different EC and EF tasks.
Introduction
Imagine a group of preschool children trying to solve a difficult puzzle. Some of the children 
will persist in solving the task, whereas others will soon give up or be distracted. Should 
these observed differences in the children’s behavior be ascribed to an individual’s tempera-
mental regulation, to neurocognitive regulation processes, or maybe to both? The root of 
this question lies in the fact that in developmental research self-regulation has traditionally 
been measured with various tasks and questionnaires that are grounded in different 
research traditions. The temperament-based approach to studying self-regulation in chil-
dren is known as effortful control (EC). Another approach to studying self-regulation, 
stemming from the cognitive neuroscience research, is the heterogeneous construct of 
executive functions (EF). Although a vast amount of research has been conducted regarding 
EC and EF, only a few studies have systematically compared the two constructs in preschool 
children and their findings are inconsistent (Blair & Razza, 2007; Neuenschwander, 
Röthlisberger, Cimeli, & Roebers, 2012; Wolfe & Bell, 2004). Furthermore, there seems to 
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be inconsistency regarding the use of EC and EF tasks in previous research. The question 
arises how and whether the two constructs EC and EF can be distinguished. Thus, the 
present study aims to address this question by investigating shared and distinct processes of 
EC and EF. Given the strong developmental improvements during the preschool years in 
both EC and EF (Diamond, 2006; Rothbart & Rueda, 2005), we focused on children aged 
4–6 years and also looked at possible age-related changes across this age range.
As mentioned above, self-regulation has been approached from different research tradi-
tions. EC, on the one hand, is rooted in the research on temperament and is viewed as the 
self-regulatory component of temperament (Rothbart, Sheese, & Posner, 2007). EC is 
defined as the efficiency of executive attention involving the ability to inhibit a dominant 
response to perform a subdominant response, to detect errors, and to plan (Rothbart, 
Posner, & Kieras, 2006). Factor analyses examining the dimensions of temperament in 
childhood revealed a broad EC factor including the following subcomponents: attentional 
focusing, inhibitory control, perceptual sensitivity, persistence, and low intensity pleasure 
(Rothbart & Bates, 2006). On the other hand, EF are a collection of heterogeneous and top- 
down neurocognitive processes involved in goal-directed behavior. The common subcom-
ponents of EF are inhibition, working memory, and shifting (Miyake et al., 2000). Inhibition 
is defined as the ability to inhibit dominant or prepotent responses or behavior. Working 
memory, also referred to as updating, is defined as short term storage and comprises the 
ability to actively hold a limited amount of information in mind and mentally manipulating 
it. Shifting refers to the ability to flexibly shift the focus of attention and being able to adjust 
to changing task demands or mental sets (Diamond, 2013; Miyake et al., 2000).
Despite stemming from different research traditions, EC and EF have obvious simila-
rities. The two constructs are both identified as top-down processes involved in the 
regulation of behavior, emotion, and cognition, but are not synonymous with self- 
regulation (Blair, 2016; Nigg, 2017). Looking at developmental trajectories, in both con-
structs a rapid increase in performance during preschool years can be observed (Espy, 1997; 
Kochanska, Murray, Jacques, Koenig, & Vandegeest, 1996), and there is a protracted 
development into adolescence and adulthood (Rothbart & Rueda, 2005; Zelazo & Müller, 
2002). Furthermore, EC and EF share common theoretical features and show overlapping 
definitions. Inhibition or inhibitory control is viewed as a common component of EC and 
EF and a central part of both definitions (Miyake et al., 2000; Rothbart & Bates, 2006). 
Executive attention is assumed to be a common process of both constructs with executive 
attention being viewed as the attentional component of EF (Blair & Ursache, 2011), and the 
executive attention network being assumed to underlie EC (Rothbart et al., 2007).
In addition to these theoretical and conceptual similarities, similar – or even the same – 
tasks are used to assess children’s ability to regulate behavior and cognition in both research 
fields. Certain tasks are even used interchangeably (Zhou, Chen, & Main, 2012). For 
example, behavioral Go/No-Go tasks, requiring a response to one type of stimuli but not 
to another, can be found in the EC literature as well as in the EF literature (Diamond & 
Taylor, 1996; Kochanska & Knaack, 2003). Similarly, Stroop and delay tasks are used in both 
research traditions and are in some studies labeled as EC and in others as EF tasks (Carlson, 
2005; Kochanska, Murray, & Harlan, 2000; Prencipe & Zelazo, 2005). Common EC tasks 
such as the Whisper task, originally stemming from the temperamental research, are used as 
an EF measure (e.g., Carlson, Moses, & Breton, 2002; Talwar & Lee, 2008). In fact, EC and 
EF tasks are sometimes globally labeled as self-regulation tasks or executive control tasks 
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without specifying to which construct they may belong (Denham, Warren-Khot, Bassett, 
Wyatt, & Perna, 2012; Wiebe, Espy, & Charak, 2008). In conclusion, as EC and EF tasks 
have originally been developed in two different research areas, it is rather unclear if they 
measure similar or different aspects of self-regulation. However, if a researcher chooses an 
EC task to measure EF, it is because they assume this task also measures aspects of EF, and 
vice versa. Therefore, investigating if commonly used EC and EF tasks capture one or two 
distinct theoretical constructs is an important contribution to the knowledge on shared 
processes.
Further similarities concern causes, precursors, and outcomes of EC and EF. EC is 
defined as constitutionally based, referring to its biological base, and is assumed to be 
influenced by heredity and maturation. EF are generally not seen as constitutionally based, 
however, also in EF research a link has been found between genotypic differences and EF 
performance (Diamond, Briand, Fossella, & Gehlbach, 2004), and investigating twins 
revealed that EF seem to be highly heritable (Friedman et al., 2008). External factors such 
as positive family environment and parenting behavior are positively associated with both 
EC and EF (Eisenberg et al., 2005; Schroeder & Kelley, 2010). EC and EF are both 
considered predictors for later academic success (e.g., Blair & Razza, 2007) and contribute 
to positive social development (Eisenberg, Fabes, Guthrie, & Reiser, 2000; Razza & Blair, 
2009). At the same time, low performance in either construct has been linked to externaliz-
ing problems (Eisenberg et al., 2001; Schoemaker, Mulder, Deković, & Matthys, 2013).
Another similarity between EC and EF concerns the factor structure in preschool children. 
Using confirmatory factor analysis, it was shown that behavioral EC measures are best 
described with a single factor (Allan & Lonigan, 2011, 2014). In line with that, another 
study, including not only EC behavioral measures but also an EC questionnaire, showed 
that a one-factor solution was most appropriate (Sulik et al., 2010). However, conducting an 
exploratory factor analysis with various behavioral EC tasks in preschool children resulted in 
a four-factor solution (Murray & Kochanska, 2002). Regarding EF, different studies using 
confirmatory factor analyses revealed one unitary executive construct in preschool children 
(Hughes, Ensor, Wilson, & Graham, 2009; Wiebe et al., 2011; Willoughby, Blair, Wirth, & 
Greenberg, 2010). There is evidence that the factor structure of EF may depend on task and 
performance indicator selection (Miller, Giesbrecht, Müller, McInerney, & Kerns, 2012), and 
the use of CFA might not be the best way of representing the latent construct of EF 
(Willoughby & Blair, 2016). In conclusion, there are indications that both EC and EF as 
separate constructs may be best characterized by a single factor structure in preschool years, 
but choice of tasks and analyses may affect the structure of the resulting constructs.
Despite these major similarities, there is a lack of agreement regarding some of the 
components of EC and EF. For example, in his recent article, Nigg (2017) outlined the debated 
role of working memory within temperamental EC. It is unclear whether working memory is 
part of or closely related to EC (Nigg, 2017; Zhou et al., 2012). In temperamental research, 
working memory is generally not viewed as a part of EC (Eisenberg, 2017; Rothbart & Bates, 
2006). Nevertheless, previous studies found moderate correlations between EC and working 
memory (Bridgett, Oddi, Laake, Murdock, & Bachmann, 2013), and EC measures and work-
ing memory loaded significantly on the same underlying factor (Wiebe et al., 2011). However, 
these associations do not necessarily prove that EC and working memory belong to the same 
construct (Eisenberg, 2017). It is possible that the relation between working memory and EC is 
due to a shared attention component (Nigg, 2017).
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Considering the many similarities and overlaps between EC and EF, one would expect to 
find high correlations between EC and EF measures. However, the few studies investigating 
EC and EF measures in young children reveal inconsistent results. Whereas some studies 
including 3–6-year-old children found positive correlations (ranging from small to mod-
erate) between EC and EF behavioral measures (Lin, Liew, & Perez, 2019) as well as between 
EF tasks and parent- or teacher-rated EC questionnaires (Blair & Razza, 2007; 
Hongwanishkul, Happaney, Lee, & Zelazo, 2005; Wolfe & Bell, 2004), there is one study 
finding no significant correlation between the subcomponents of EF and parent-rated EC in 
4–8-year-old children (Neuenschwander et al., 2012). Another study with 4-year-olds even 
showed a moderate negative correlation between working memory and inhibitory control, 
and a laboratory EC measure (Wolfe & Bell, 2004).
Addressing the question if different measures of EC and EF are indicators of one or more 
latent factors, to date, there are very few studies including EC measures as well as different 
subcomponents of EF. Neuenschwander et al. (2012) included all three EF subcomponents 
and an EC questionnaire, and found two empirically separable and not significantly 
correlated constructs in kindergarten and 1st grade children. Similarly, in a study with 
10–15-year-old children that included different questionnaires tapping EC and behavioral 
EF inhibition measures, a single factor model showed a moderate fit, but none of the 
performance-based measures significantly loaded on the underlying factor (Samyn, 
Roeyers, Bijttebier, Rosseel, & Wiersema, 2015). Thus, the idea that EC questionnaires 
and EF tasks measure the same underlying construct could not be supported. However, 
a very recent study of Lin et al. (2019) with 4–6-year-old children included performance- 
based measures of EF inhibition and EC and using confirmatory factor analysis, a one-factor 
model of self-regulation was supported. This large overlap between EC and EF has also been 
supported in an adult sample (Bridgett et al., 2013). In summary, despite the theoretical and 
conceptual similarities between EC and EF, the empirical evidence is less clear with mostly 
small to moderate associations between different measures of EC and EF. Not much is 
known about the factor structure of EC and EF measures and to our best knowledge, there is 
no study looking at the factor structure of a broad assessment including common EF 
measures of the three subcomponents (inhibition, working memory and shifting) as well 
as EC assessed with both behavioral tasks and a questionnaire.
Another interesting aspect when studying self-regulation is the finding of gender differ-
ences in various self-regulation measures. Previous research showed differences between 
boys and girls in parent-report measures of self-regulation favoring girls (Murphy, 
Eisenberg, Fabes, Shepard, & Guthrie, 1999; Raffaelli, Crockett, & Shen, 2005). Likewise, 
a meta-analysis investigating gender differences in temperament found that EC showed 
large gender differences favoring girls when relying on parent and teacher reports (Else- 
Quest, Hyde, Goldsmith, & Van Hulle, 2006). Gender differences were also found in 
behavioral measures of EC and EF (e.g., Carlson & Moses, 2001; Kochanska et al., 2000). 
Nevertheless, various studies assessing EC and EF using behavioral tasks or questionnaires 
do not find any differences between boys and girls (e.g., Carlson et al., 2002; Davis, Bruce, & 
Gunnar, 2002). Similar inconsistencies can be found when looking at gender differences in 
factor analyses. Investigating measurement invariances, some studies showed that the 
constructs of EC and EF appear to be similar across gender (Allan & Lonigan, 2011, 2014; 
Wiebe et al., 2011), whereas in other studies the factor loadings and intercepts differed for 
boys and girls with higher intercepts in girls for behavioral EC measures and for teacher- 
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rated EC (Denham et al., 2012; Sulik et al., 2010). Thus, previous findings regarding gender 
differences in EC and EF measures failed to show a consistent pattern, motivating the 
exploration of gender differences in the present study.
In summary, against the background of the above reviewed findings, a more thorough 
investigation of the EC and EF constructs and their measurements seems warranted. 
Recently, there has been an increasing pledge for a more integrative view on self- 
regulation (Nigg, 2017; Zhou et al., 2012) and the idea was put forward to perceive EC 
and EF as complementary rather than incompatible (Liew, 2012). Zhou et al. (2012) 
concluded that it is difficult to distinguish EC and EF as global constructs, although it is 
possible to identify distinctions among the components, processes and measures of EC and 
EF. In order to reduce overlaps and confusion in future research using EC and EF measures, 
the possibility of an integrated theory of self-regulation encompassing EC and EF should be 
taken into account and further investigated. Using confirmatory factor analyses, the present 
study aimed to contribute empirical data to this issue by examining the interrelations 
between different EC and EF tasks and whether the different assessments can be linked to 
one or more underlying factors. In view of the current knowledge, we hypothesized to find 
positive correlations between different measures of EC and EF. In line with a possible 
integrated model, we further expected variances in different EC and EF measures to be best 
described by a single factor model. Due to expected age effects between 4–6-year-olds, we 
investigated age related changes and additionally, the role of gender was examined to find 




The final study sample consisted of N = 230 children (50% female) between 4 and 6 years of 
age (M = 68.5 months, SD = 7.4 months) attending kindergarten. Children were recruited 
from public kindergartens in different urban and rural regions of the German speaking part 
of Switzerland. They were predominately Caucasian from lower and upper middle-class 
families, reflecting the characteristics of the local community. All included participants were 
fluent in the German language, 27 children had to be excluded due to insufficient German 
language skills. Technical problems led to the exclusion of 13 more children, 5 children were 
excluded because they were older than 83 months and 8 children noticed the hidden camera 
in the Puzzle Box task and were therefore excluded from all analyses. There was no 
significant difference between children included in the study sample and the excluded 
children regarding age and performance in EC and EF tasks. Participation was voluntary 
and parents gave their written informed consent. Children themselves agreed to participate 
before the testing. The study was approved by the faculty’s ethics committee (Approval No. 
2017-04-00006).
Procedure
Children were individually assessed by trained experimenters in a quiet room at the 
children’s kindergarten. Each child was tested in three sessions each lasting about 
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30 minutes. The three sessions were counterbalanced between children and gender, with 
each session including three tasks in a fixed order. After completion of all sessions, children 
were thanked for their cooperation and received a small gift.
Measures
Effortful control
Two often used behavioral EC tasks and a common temperament questionnaire were 
chosen to assess diverse aspects of the EC construct. One of the measures was the Puzzle 
Box, which is assumed to assess persistence and inhibitory control (Spinrad, Eisenberg, & 
Gaertner, 2007). Children were instructed to try to assemble a wooden puzzle without 
looking at it. The puzzle was placed in a wooden box behind a cloth that covered the front 
and children had to slip their arms through sleeves to access the puzzle. The cloth could 
be lifted up so that the child could easily cheat by looking at the puzzle. Children were 
told that they have 5 minutes to finish the puzzle and if they completed it earlier they 
should call the experimenter. The experimenter left the room and children’s behavior was 
recorded using hidden cameras. Seconds during which the child displayed persistence 
(e.g. trying to solve the puzzle), cheating (e.g. lifting the cloth), and off-task (e.g. walking 
around the room) behavior were double-coded; interrater reliability was .99. The depen-
dent variable was the accumulated time of persistence divided by the total task-time. We 
focused on the persistence component because persistence is by definition part of the EC 
construct.
The Whisper task is part of Kochanska’s battery for assessing EC and is considered to 
measure inhibitory control (Kochanska et al., 1996). Children were asked to whisper the 
names of well-known characters of cartoons or children’s books. After making sure that 
children knew how to whisper by whispering their own names, 12 pictures were presented 
consecutively to them. Each trial was coded as 0 (shouts), 1 (speaks normal or changes from 
normal to whisper), or 2 (whispers). Behavior during the task was video recorded and all 
answers were double-coded; the interrater reliability was .99.
Since EC is traditionally measured with questionnaires, we added a parent-rated ques-
tionnaire using the very short form of the Children’s Behavior Questionnaire (CBQ; 
German translation; Putnam & Rothbart, 2006). The very short form of the CBQ consists 
of 36 items; 12 of the items compose the EC scale (3 items per subscale: inhibitory control, 
attention focusing, low-intensity pleasure, and perceptual sensitivity). Parents were asked to 
rate the behavior of their child on a 7-point Likert scale ranging from extremely true to 
extremely untrue. A not applicable response option was also present and to be used in case 
the child had not been observed in the situation described. The EC score was derived by 
calculating the mean of the parents’ rating of all 12 items. Higher scores reflect better EC. 
Internal consistency of our sample was .66, comparable with the internal consistency 
(ranging from .62 −.78) obtained in three different samples when developing the very 
short form of the CBQ (Putnam & Rothbart, 2006).
Executive functions
Although research does not clearly show separable components of EF in young children 
(e.g., Lee et al., 2012), the three common subcomponents inhibition, working memory, and 
shifting were assessed in the current study in order to achieve a broad and comprehensive 
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measurement. Thereby, each EF task was assumed to assess mainly one of the three EF 
components.
Inhibition was assessed using an adapted and computerized version of the Fruit 
Stroop task (Archibald & Kerns, 1999) consisting of three blocks. Each block included 
24 trials presented on a tablet screen, with each trial consisting of a target stimulus 
appearing for one second on the first screen and a response screen with four different 
colors (red, green, blue, yellow). Children had to choose one of the four colors as quickly 
as possible by touching the screen. In the first block, colored squares were displayed as 
target stimuli (baseline condition) and in the second block, four different fruits or 
vegetables in their original color were presented as target stimuli (congruent condition). 
Children had to choose the same color on the response screen. In the third block, the 
same fruits and vegetables were displayed in incongruent colors and children were asked 
to choose the original color on the response screen (e.g. a blue strawberry was presented 
and children had to press the red color; incongruent condition). The dependent variable 
was a combined score including the accuracy and the reaction time (reverse scored) of 
the incongruent condition (z-value of accuracy + reversed z-value of mean reaction 
time).
The backwards Color Span (Zoelch, Seitz, & Schumann-Hengsteler, 2005) was used as 
a measurement of working memory. Children were told a cover story about a dwarf who 
loses colored discs. Sequences of colored discs were then presented on a tablet screen and 
children were asked to recall the colors in reverse order. Each color appeared on the 
screen for one second. Only colors with monosyllabic names (in German) were selected. 
After three practice trials, each child started with two-item sequences. Sequence length 
increased by one item if the child correctly recalled three of the six sequences on 
a particular level. The dependent variable was the total number of correctly recalled 
sequences.
The EF subcomponent shifting was measured with a modified Dimensional Change Card 
Sorting task (DCCST; Carlson, 2005; Zelazo, Müller, Frye, & Marcovitch, 2003). Children 
were introduced to three boxes with slots cut on the top and each box displayed a target card 
with a certain colored shape. The task consisted of three conditions, each including one 
practice trial. After making sure that the child was familiar with all the colors and shapes, 
the children were asked to sort six cards according to color as quickly as possible (condi-
tion 1). In the second condition, children were asked to sort six cards according to shape as 
quickly as possible. In the third condition, children were introduced to cards with stars. 
Children were given 18 cards (5 star, 13 non-star) and told to sort all cards with a star 
according to shape and all cards without a star according to color as fast as possible. The 
dependent variable was a combined score including the total number of errors and the total 
time in seconds of the third condition ((errors + 1) * time). The variable was reversed 
scored, with a higher value representing better performance.
Statistical analyses
Data were analyzed using the software Jamovi 1.1 (The jamovi project, 2019) which is 
running on R (R Core Team, 2018). In the Stroop task, outliers regarding the reaction 
times of each subject were excluded if they deviated +- 3 standard deviations from the 
subject’s mean reaction time. This applied to 2% of all reaction times. Additionally, in all 
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dependent variables, scores that were higher or lower than 3 standard deviations from the 
sample’s mean were set to 3 standard deviations. This concerned 0.4% of all values in the 
data set. No multivariate outliers were found, as assessed by the Mahalanobis distance 
(p > .001).
The scores of the Whisper task were negatively skewed. Transforming the values using 
a reflected logarithm to normalize the skewed distribution yielded the same results and in 
order to ease interpretation of results, we will report analyses of the raw scores exclusively. 
Children with one or more missing variables were excluded from all analyses (N = 48), 
which led to a final sample of 230 children. It is important to note that 27 of the excluded 
children were not able to properly understand the task instructions due to insufficient 
German language skills, which led to data that were not valid enough to use data 
imputation.
Confirmatory factor analyses were conducted using IBM SPSS Amos 25 software. Model 
fit to the data was assessed using multiple fit measures, namely the χ2 value, the comparative 
fit index (CFI), the root mean square error of approximation (RMSEA) and its 90% 
confidence interval (90% CI), and the standardized root mean square residual (SRMR). 
CFI indexes higher than .95, RMSEA values less than .06, and SRMR values below .05 
indicate a good fit (Hu & Bentler, 1999). To test for gender differences, multi-group analyses 
were conducted to evaluate different levels of measurement invariance. Measurement 
invariance was tested using the χ2 difference test and the cutoff criteria suggested by 
Chen (2007): a change of >-.005 in CFI, supplemented by a change of >.010 in RMSEA 
indicates violation from invariance.
Results
Performance in EC and EF measures
Descriptive data for all task variables of the current study are presented in Table 1. The 
mean performance in all assessments separated by gender is shown in Table 2. ANOVAs 
were run to determine gender differences in all EC and EF measures. There was 
a significant difference between girls` and boys` performance for inhibition, F(1, 228) = 
9.05, p = .003, with this difference yielding a small effect size (η²= 0.038). More detailed 
analyses revealed that this difference was due to a significantly better performance of girls 
regarding the accuracy in the incongruent condition of the Stroop task, whereas no 
significant gender difference was found for reaction time. Furthermore, there was 
Table 1. Descriptive statistics for all task variables.
Mean SD Min Max.
Executive Functions
Stroop .03 1.36 −3.55 2.64
Color Span 7.17 4.06 0 17
DCCST 362 236 47 1090
Effortful Control
Whisper 20.2 4.69 7 24
Puzzle Box 0.56 0.29 0.0 1.0
CBQ 5.34 .68 3.30 6.83
N = 230. Reaction times of the Stroop Task are reverse scored and combined with accuracy. 
DCCST = Dimensional change card sorting task. CBQ = Children’s behavior questionnaire.
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a significant difference between girls and boys in the EC questionnaire, F(1, 228) = 5.45, 
p = .02, again yielding a small effect size (η²= 0.023). All other EC and EF measures 
showed no significant difference between girls and boys.
Correlational analyses
To investigate the relationship between different EC and EF measures, Pearson correlations 
were computed. The intercorrelations among all dependent variables, the correlation with 
age as well as the partial correlations after controlling for age are shown in Table 3. There 
were significant correlations among all EF tasks. However, after controlling for age the 
correlation between the Stroop and the Color Span was no longer significant. There was 
a significant correlation between the two EC behavioral tasks (Whisper, Puzzle Box) as well 
as between the EC questionnaire and the Puzzle Box. Regarding the intercorrelations 
between EC and EF measures, performance in the Whisper task and persistence in the 
Puzzle Box task were significantly correlated with the Stroop task (inhibition). Additionally, 
the Puzzle Box task and the EC subscale of the CBQ were significantly correlated with the 
EF shifting task (DCCST). All EF and EC measures correlated significantly with age except 
for the EC questionnaire. Looking at the correlations separately for girls and boys and 
comparing them using Fisher’s Z showed no significant differences in either of the EC and 
EF variables.
Table 2. Comparison of performance in all self-regulation tasks between boys and girls.
Mean SD F p η²
m f m f
Executive Functions
Stroop −.23 .30 1.35 1.33 9.05 .003 .038
Color Span 7.30 7.03 4.25 3.88 .25 .616 .001
DCCST 368 356 254 218 .15 .695 .001
Effortful Control
Whisper 20.1 20.3 4.77 4.62 .11 .736 .000
Puzzle Box 0.55 0.57 0.29 0.30 .43 .511 .002
CBQ 5.24 5.45 0.68 0.67 5.45 .020 .023
N = 230. Male (m) = 115; Female (f) = 115. DCCST = Dimensional change card sorting task. CBQ = Children’s behavior 
questionnaire. Reaction times of the Stroop Task are reverse scored and combined with accuracy.
Table 3. Correlations among executive functions and effortful control variables, and age.
1 2 3 4 5 6 Age
Executive Functions
1. Stroop - .07 .21** .25*** .18** .11 .45***
2. Color Span .14* - .22** .10 .08 .07 .17**
3. DCCST .31*** .26*** - .11 .24*** .17** .28***
Effortful Control
4. Whisper .33*** .14* .17* - .18** .09 .25***
5. Puzzle Box .24*** .11 .28*** .21** - .14* .18**
6. CBQ .08 .07 .15* .08 .13* - −.04
N = 230. DCCST = Dimensional change card sorting task. CBQ = Children’s behavior questionnaire. Reaction times of the 
Stroop and DCCST are reverse scored. The upper right triangle represents the partial correlation coefficients after 
controlling for age. 
* p <.05, ** p <.01, *** p <.001.
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Confirmatory factor analyses
To investigate whether the different EC and EF measures can be linked to one or more latent 
variables, two hypothesized models were calculated. Model 1 was a single-factor model in 
which all self-regulation measures loaded on a single factor. Model 2 was a two-factor model 
in which the first factor consisted of all EF tasks, and the second factor consisted of all EC 
tasks and the EC questionnaire. The single factor model provided a good fit to the data with 
CFI = .98, RMSEA = .030 with 90% CI [.00, .084], and SRMR = .037. The two-factor model 
as well provided a good fit to the data with CFI = .97, RMSEA = .039 with 90% CI [.00, .092], 
and SRMR = .036. In both models, all variables loaded significantly on the underlying factor 
(see Figure 1). However, in both factor models, the EC questionnaire showed only a small 
factor loading that was below the .30 loading cutoff criterion (Bowers et al., 2010). The 
between-factor correlation in the two-factor model was .95 and highly significant. 
Comparing the model fit of the two models using the χ2 difference test resulted in χ2 (1, 
N = 230) = 0.12, p = .73, revealing no significant difference between the one- and two-factor 
model. Additionally, given the very high correlation (r = .95) between the two latent 
WhisperDCCST
Executive Function / 
Effortful Control














Model 1: Single factor model
Model 2: Two-factor model
Color Span
Figure 1. The two hypothesized factor models. Standardized factor loadings are shown. DCCST = 
Dimensional change card sorting task. CBQ = Children’s behavior questionnaire.  
* p <.05, ** p <.01, *** p <.001.
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variables in the two-factor model, it can be questioned if the two factors had much unique 
explanatory power. Due to this high correlation and by parsimony, the one-factor model 
was selected as the better-fitting model.
After controlling for age (see Figure 2), both hypothesized factor models still revealed 
a good model fit with CFI = .99, RMSEA = .017 with 90% CI [.00, .078], and SRMR = .029 
Model 1: Single factor model
Model 2: Two-factor model



























Figure 2. The two hypothesized factor models with age (in months) included as control variable. 
Standardized factor loadings are shown. DCCST = Dimensional change card sorting task. CBQ = 
Children’s behavior questionnaire. * p <.05, ** p <.01, *** p <.001.
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for the one factor model and CFI = .99, RMSEA = .029 with 90% CI [.00, .086], and SRMR = 
.029 for the two-factor model. All variables still showed a significant factor loading. In 
addition, we built two age groups (5- and 6-year-olds, N = 112 and 89) and ran both 
hypothesized factor models for each age group separately to investigate if there were age- 
related changes in the factor structure or if the better-fitting model was equivalent for both 
age groups. In both age groups, comparing the model fit of the two models using the χ2 
difference test revealed no significant difference between the one- and two factor model 
(5-year-olds: χ2 (1, N = 112) = 0.01, p = .92; 6-year-olds: χ2 (1, N = 89) = 0.12, p = .73). 
Moreover, the correlation between the two latent variables was very high in the group of 
5-year-olds (r = 1.00) as well as in the group of 6-year-olds (r = .91). Consequently, in both 
age groups the one-factor model was chosen as better-fitting model.
Due to measurement differences between the behavioral measures and the questionnaire, 
we additionally calculated a one- and two-factor model without the EC questionnaire. There 
was no significant difference between these two models when comparing the model fit using 
the χ2 difference test (χ2 (1, N = 230) = 0.05, p = .83), and the correlation between the two 
latent variables in the two-factor model remained about equally high (r = .97) when 
compared with the model including the parental paper-and-pencil questionnaire for EC.
Gender and age invariance
Multi-group analyses were conducted to find out if the model fit of our single factor model 
depended on gender or age (Table 4). In a first step, metric invariance (whether the 
magnitude of factor loadings is the same) was tested. Regarding gender, setting equality 
constraints on factor loadings did not result in a significantly worse model fit based on the 
χ2 difference test and the difference in CFI and RMSEA. Testing scalar invariance (whether 
the intercept of the regression relating each item to its factor is the same), the χ2 difference 
test showed a significant result and also the CFI and RMSEA differences indicated that 
invariance of the intercepts was not achieved. This suggests that at least one item intercept 
differed significantly between girls and boys. Further analyses revealed that the lack of scalar 
invariance applied to EF inhibition measured with the Stroop task and the EC subscale of 
the CBQ. For all other tasks, scalar invariance was attained. Testing metric invariance across 
the two age groups of 5- and 6-year-olds showed a worse model fit after constraining the 
factor loadings to be equal, which was indicated by a significant χ2 difference test and 
significant CFI and RMSEA differences. More detailed analyses revealed different factor 
Table 4. Summary of fit statistics for testing gender and age invariance of the single factor model.
χ2 df CFI RMSEA Δχ2 df p ΔCFI ΔRMSEA
Boys vs. girls 
(N = 230, 115 vs. 115)
Unconstrained 17.55 18 1.00 .000 - - - - -
Factor loadings invariant 19.19 24 1.00 .000 1.64 6 .95 .000 .000
Intercepts invariant 33.78 30 .955 .024 14.59 6 .02 −.045 −.024
5-year-olds vs. 6-year-olds 
(N = 201, 112 vs. 89)
Unconstrained 10.32 18 1.00 .000 - - - - -
Factor loadings invariant 25.50 24 .975 .018 15.18 6 .02 −.025 −.018
Intercepts invariant 56.22 30 .559 .066 30.72 6 .00 −.416 −.048
CFI = Comparative fit index; RMSEA = Root mean square error of approximation.
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loadings of the two EF measures Stroop and DCCST. Furthermore, constraining the 
intercepts to test scalar invariance also resulted in a significant χ2 difference test and 
significant CFI and RMSEA differences, which indicated a worse model fit. Further analyses 
revealed that scalar invariance was not attained for any EC and EF measures except 
the CBQ.
Discussion
The main goal of this study was to investigate if EC and EF can conceptually be viewed as 
one construct and to what extent different EC and EF tasks share common processes. 
Furthermore, we aimed to investigate gender and age differences. In view of the question of 
an integrated model of self-regulation encompassing EC and EF, we hypothesized a) to find 
positive associations between different EC and EF measures and b) that EC and EF were 
better viewed as a global unidimensional construct. Overall, our findings showed that this 
was the case.
The results of the present study indicate that different EC and EF measures were best 
conceptualized as a unitary construct and all variables loaded significantly on the under-
lying factor. Consequently, the EC and EF measures used in this study seem to share 
substantial amounts of variance. Although one could expect the questionnaire not to load 
on the same factor as behavioral EC and EF measures (Samyn et al., 2015), our results 
showed that also the questionnaire loaded significantly on the underlying factor. However, 
the factor loading was lower than for most of the behavioral tasks. Keeping in mind that 
measurement differences may appear between behavioral assessments and parental reports, 
and possibly account for the lower factor loading, the significant factor loading still suggests 
that the questionnaire can be considered to measure the same underlying construct. An 
explanation for the diverging results between our approach and the study of Samyn et al. 
(2015) could lie in the older age group and the use of different EC questionnaires. It is 
possible that in our group of preschool children the EC questionnaire and behavioral EF 
measures tap the same underlying construct, whereas later in development the two types of 
measures tap different kinds of information.
Our finding of a single factor model is in contrast to Neuenschwander et al. (2012) 
finding two separate factors for EC and EF. However, our results extend this previous work 
by examining EC not only with a questionnaire but also with behavioral measures. Another 
difference is that Neuenschwander et al. (2012) included the EC questionnaire in the model 
by using three parcels of items. It cannot be excluded that we would have obtained different 
results if we had used the same method. Nevertheless, the inclusion of different EC 
measures allows to get a broader conception of the structure of different self-regulation 
tasks. Similar to Lin et al. (2019), our study involved multiple measures of EC and EF, and 
our results indicated that the two constructs cannot be clearly distinguished. In addition to 
the study of Lin et al. (2019), we included an EC questionnaire and EF was assessed not only 
with inhibition tasks but also a working memory and a shifting task. Our findings demon-
strate that various EC and EF tasks are not pure measures of their theoretical construct, but 
share variance with the other, related construct. Firstly, this provides support for an 
integrated model of self-regulation encompassing EC and EF, as it was proposed by Zhou 
et al. (2012). Secondly, despite the fact that our tasks traditionally stem from different 
research traditions, they all seem to measure similar aspects of self-regulation.
JOURNAL OF COGNITION AND DEVELOPMENT 13
The unidimensional EC and EF construct in our study was established in a sample of 
preschool children. It is important to note that in preschool years both EC and EF undergo 
dramatic changes (Diamond, 2006; Rothbart & Rueda, 2005), which is supported by the 
age-related improvements in performance that we found in most of our EF and EC 
measures. Only in the CBQ, children did not improve with age, which can easily be 
explained by the fact that parents usually take age into account when filling out 
a questionnaire. Investigating the factor structure of our EC and EF measures separately 
for 5- and 6-year-olds revealed that in both age groups, the one factor model was the better- 
fitting model. Similarly, using a longitudinal design and including only EF tasks, Hughes 
et al. (2009) found that a single latent EF factor provided a good fit to the data for children at 
both 4 and 6 years of age. Interestingly, investigating the factor structure of EF in older 
children (8–13 years) revealed three interrelated factors, similar to the factor structure 
obtained in an adult sample (Lehto, Juujärvi, Kooistra, & Pulkkinen, 2003; Miyake et al., 
2000). These studies indicate that EF may be characterized by a single factor structure in 
preschool years and become increasingly differentiated with age. It is possible that our latent 
construct consisting of EF and EC also differentiates with age and progressive development.
According to our hypothesis, we found significant positive links between most EC and 
EF measures. However, neither of the EC measures was significantly associated with work-
ing memory. These findings are especially interesting regarding the debated role of working 
memory within temperament. Working memory is generally not viewed as a part of EC 
which seems to be supported by our correlational results. Nevertheless, the Color Span task 
and all three EC measures loaded significantly on the same underlying factor, as was found 
before by Wiebe et al. (2011). This indicates that working memory and EC seem to tap 
similar facets of self-regulation, with a common attentional component being a candidate 
process (Nigg, 2017). Future research might perform in-depth analyses to further investi-
gate a potential involvement of working memory in both EC and EF tasks.
Another difference between EC and EF should be highlighted in view of our findings. 
Although both EC and EF are assumed to be influenced by the interaction of genes and 
environment, temperament traits tend to show consistency across situations and stability 
over time (Rothbart & Rueda, 2005), which has also been supported by studies with 
preschool children (e.g., Kochanska et al., 2000). EF has been proven to be relatively 
responsive to changes by interventions or trainings (Diamond & Lee, 2011). An early 
intervention regarding EF can be crucial to change a child’s developmental trajectory and 
can help to reduce the gap between children with better and worse EF (Diamond, 2013). To 
date, not much is known about the responsiveness of EC to training or interventions, as 
there are only few such investigations. Interventions in the field of temperamental EC have 
mainly focused on indirect effects of trainings, such as attentional training with the idea of 
attention being a neural substrate of EC (Posner, Rothbart, & Rueda, 2008) or by fostering 
parental skills in order to facilitate children’s EC (Chang, Shaw, Dishion, Gardner, & 
Wilson, 2015). Considering our findings of a unidimensional construct comprising EC 
and EF, it would be interesting to conduct training and intervention studies investigating 
different aspects of self-regulation by including various EC and EF measures.
A further distinction between EC and EF has sometimes been made by means of 
emotional or neutral contexts with EC traditionally focusing more on emotional contexts 
and EF focusing on neutral contexts. This distinction can also be labeled as “hot” and “cool” 
which goes back to Metcalfe and Mischel (1999). Hot tasks are defined as tasks with a salient 
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emotional component and cool tasks as tasks without an emotional component, but with 
more cognitive and abstract problem-solving (Zelazo & Müller, 2002). In our study, the two 
behavioral EC tasks could generally be labeled as hot tasks involving more emotional 
components whereas the EF tasks would rather count as cool tasks without any circum-
scribed emotional aspects involved. Our finding that EC and EF were best represented as 
a unidimensional construct also seems interesting in light of this distinction between hot 
and cool components. It suggests that even measures with differing emotional salience have 
a lot in common, which is also supported by previous research looking at the factor 
structure of hot and cool aspects of self-regulation tasks (Allan & Lonigan, 2011, 2014; 
Denham et al., 2012; but see Willoughby, Kupersmidt, Voegler-Lee, & Bryant, 2011, for 
a two factor model). Interestingly, to date, the cool component of self-regulation has often 
only been measured with different inhibition tasks, while neglecting the EF subcomponents 
working memory and shifting. Therefore, our findings extend these previous findings by 
adding working memory and shifting to the cool component of self-regulation and still 
finding a unitary construct.
Regarding gender differences in our factor model, full metric invariance and partial 
scalar invariance was established, meaning that our latent construct generalized across 
gender. As is supported by the literature investigating the factor structure of EC or EF 
separately (Allan & Lonigan, 2014; Sulik et al., 2010; Wiebe et al., 2011), our finding of 
metric invariance indicates that the factor loadings of our single model encompassing EC 
and EF were not significantly different between boys and girls. Therefore, each item 
contributed to our latent construct in a similar way across gender. However, our results 
only supported partial scalar invariance. More specifically, the intercept for the EF inhibi-
tion task was larger in girls than in boys, meaning that mean differences in our latent EC 
and EF construct do not capture all mean differences in the shared variance of the Stroop 
task (Putnick & Bornstein, 2016). Others also found differences in intercepts between males 
and females in an inhibitory control task (Sulik et al., 2010). As scalar invariance across 
gender regarding the Stroop task and the CBQ could not be established in our sample, the 
comparison of mean levels between girls and boys is not justified and cannot be interpreted. 
The comparison of the means of the remaining EC and EF measures is valid and revealed no 
significant differences between boys and girls. To sum up, although more pronounced 
gender differences could have been expected considering previous EC and EF research 
(Carlson & Moses, 2001; Else-Quest et al., 2006), overall, our results do not support 
substantial group differences between boys and girls.
There were limitations in this study that should be considered when interpreting the 
findings. Firstly, a methodological issue is that we included behavioral measures and 
a questionnaire to assess EC, but did not include a questionnaire to assess EF. Thus, we 
cannot rule out that our findings are influenced by measurement differences. However, as 
EC has traditionally often been assessed with questionnaires, this multi-method approach 
also entails strengths. Additionally, as reported, we tested our hypothesis with a one- and 
two-factor model without the EC questionnaire and this led to the same main findings. 
Secondly, we were able to establish convergent validity in our study, but could not 
demonstrate discriminant validity. Therefore, we cannot provide evidence to what extent 
our EC and EF measures share variance with other constructs. Further research might 
consider assessing additional tasks to investigate discriminant validity. Thirdly, it is impor-
tant to keep in mind that our findings may depend on the specific measures we used for each 
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construct and cannot unconditionally be extended to all other existing EC and EF measures. 
Furthermore, our measures only showed weak to moderate correlations with each other.
In conclusion, our results indicate that a variety of common EC and EF tasks load onto 
a single latent construct and that this construct behaves in a similar way across gender. The 
present findings seem relevant not only from a conceptual perspective, but also regarding the 
use of different self-regulation tasks. On a conceptual basis, our results support the idea of an 
integrated model of self-regulation encompassing EC and EF, and could be beneficial to clarify 
the use of concepts and terminologies in future research. Regarding the question of which EC 
and EF task is used in which context in the literature, our results demonstrate that the 
different EC and EF measures included in our study share variance and can be assumed to 
measure similar aspects of self-regulation. Our results are promising and future work should 
consider examining other behavioral EC and EF measures as well as including different EC 
and EF questionnaires. Furthermore, it would be interesting to investigate the possible role of 
an attention component linking EC and EF by including such a measurement.
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